%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

SDA

—
- =

— . .
_ United States Department of Agriculture

Recoarch The Profit Potential of Certified

Service . . i
cconomic Organic Field Crop Production
Research

Report

Number 188 William D. McBride, Catherine Greene,

July 2015 Linda Foreman, and Mir Ali




USDA

S i i
United States Department of Agriculture

Economic Research Service
www.ers.usda.gov

Access this report online:
www.ers.usda.gov/publications/err-economic-research-report/err188

Download the charts contained in this report:

e (o to the report’s index page www.ers.usda.gov/publications/
err-economic-research-report/err188

e (lick on the bulleted item “Download err188.zip”
e QOpen the chart you want, then save it to your computer

Recommended citation format for this publication:

McBride, William D., Catherine Greene, Linda Foreman, and Mir Ali. The Profit Potential
of Certified Organic Field Crop Production, ERR-188, U.S. Department of Agriculture,
Economic Research Service, July 2015.

Cover images: Shutterstock

Use of commercial and trade names does not imply approval or constitute endorsement by USDA.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on
the basis of race, color, national origin, age, disability, and, where applicable, sex, marital status, familial
status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because
all or a part of an individual’s income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means for communication of
program information (Braille, large print, audiotape, etc.) should contact USDA’s TARGET Center at (202)
720-2600 (voice and TDD).

To file a complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 Independence
Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA
is an equal opportunity provider and employer.



USDA
O

Economic
Research
Service

Economic
Research
Report
Number 188

July 2015

United States Department of Agriculture

The Profit Potential of Certified
Organic Field Crop Production

William D. McBride, Catherine Greene,
Linda Foreman, and Mir Alil

Abstract

Organic crop acres in the United States more than doubled between 2002 and 2011 as
acreage increased from 1.3 to over 3 million acres. While acreage for some major field
crops increased substantially during this period, growth was more modest or had stalled
for others. This study examines the profitability of corn, wheat, and soybean produc-
tion using national survey data and finds that significant economic returns are possible
from organic production of these crops. The main reason for higher per-bushel returns
to organic production is the price premiums paid for organic crops. Despite poten-

tially higher returns, the adoption of organic field crop production has been slow and is
challenging due to such factors as achieving effective weed control and the processes
involved with organic certification.

Keywords: corn, wheat, soybeans, organic and conventional production, average treat-
ment-effect, propensity-score matching, regression with endogenous treatment-effects,
Agricultural Resource Management Survey (ARMS)
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What Is the Issue?

Certified organic crop acres more than doubled between 2002 and 2011, as acreage increased
from 1.3 million acres to over 3 million acres. A large part of this growth was in major field
crops—corn, soybeans, and wheat—where certified organic production increased about
264,000 acres. Despite this interest in organic agriculture and its potential to address environ-
mental concerns, little information is available about the relative costs and returns of organic
grain production on commercial farms. Most previous research is derived from results of
long-term experimental field trials and offers limited economic analysis. Results of this study
provide information about potential economic returns from organic field crop production on
commercial farms and the additional costs incurred from producing organic.

What Did the Study Find?

This study of field crop production indicates a profit potential from organic systems that is
primarily due to the significant price premiums paid for certified organic crops. Additional
economic costs of organic versus conventional production were more than offset, on average, by
higher returns from organic systems for corn and soybeans, although not for wheat. Other find-
ings of this study:

* Organic field crop production was, on average, conducted on farms with less total acreage
and less field crop acreage than conventional farms. Despite having fewer acres, producers of
some organic field crops were less likely to work off-farm. These producers were also more
likely to have attended college than conventional producers. Organic production more often
occurred in northern States where pest pressures are less severe.

* Production practices used on organic and conventional field crop operations were quite
different. Most conventional producers of corn and soybeans used genetically modified seed
varieties not allowed for certified organic crop production. Most organic producers used
mechanical practices, such as tillage and cultivating for weed control, while conventional
producers rarely used a cultivator and relied mainly on chemical weed control. Organic corn
and soybean producers more often rotated row crops with small grain and meadow crops
and often included an idle year in the rotation. Conventional producers of these crops mainly
used a rotation consisting of continuous row crops.

* Much of the experimental research on organic field crop production has found similar
yields and lower per-acre costs from organic relative to conventional field crop production.

www.ers.usda.gov



However, the economic analysis used with the experimental research has primarily examined only operating
or variable costs, excluding the economic costs of such resources as land, labor, and capital. Findings of this
observational study of commercial organic and conventional field crop production found lower yields and
mostly higher per-acre total economic costs from organic systems.

* As in much of the economic analyses using experimental data, per-bushel operating costs of organic rela-
tive to conventional systems were similar in this study. However, the per-bushel economic costs of organic
production were significantly higher because of the higher per-acre costs and lower yields.

* The economic costs of organic compared with conventional production estimated in this study were
roughly between $83 and $98 per acre higher for corn, $55-$62 per acre higher for wheat, and $106-$125
per acre higher for soybeans. These estimated cost differences are all higher than those suggested by the
relative means.

* Results of this study imply that some conventional farms may be able to earn greater returns if transitioned
to organic production. Nevertheless, adoption of the organic approach among U.S. field crop producers
remains extremely low. Perhaps a key factor is that organic field crop production is particularly challenging
compared with conventional production in achieving effective weed control and crop yields. Also, the
processes involved with organic certification can be complex and time-consuming.

How Was the Study Conducted?

The profitability of organic field crop production was examined using Agricultural Resource Management
Survey (ARMS) data from corn, wheat, and soybean producers that included targeted samples from organic
growers. Two procedures were used to calculate the difference between conventional and organic crop
production costs:

1. Propensity-score matching generated a sample of similar conventional and organic producers of each crop
based on observed farm and operator characteristics from which to measure the difference in organic and
conventional production costs.

2. Regression with endogenous treatment-effects was employed to describe this same difference in organic
and conventional production costs, accounting for the impact of both observable and unobservable vari-
ables on crop production costs.

Results of these procedures were compared with the difference in mean cost-of-production estimates for organic
and conventional producers. Estimated organic transition and certification costs were added to each result, and
the cost differences between organic and conventional crop production systems were compared with historic
price premiums paid for organic crops to evaluate the potential profitability of organic field crop production.
Despite the detailed producer survey data used in this study, the limited time-series data dimension renders this
study primarily one of association rather than causality.

www.ers.usda.gov



The Profit Potential of Certified
Organic Field Crop Production

Introduction

Organic cropping systems rely on ecologically based practices, such as biological pest management
and composting, and exclude most synthetic chemicals. Under organic cropping systems, the funda-
mental components and natural processes of ecosystems—such as soil organism activities, nutrient
cycling, and species distribution and competition—are used as farm management tools (Greene and
Kremen, 2003). For example, crops are rotated, pest prevention techniques are employed, animal
manure and crop residues are recycled, and planting/harvesting dates are carefully managed. Major
reasons for the popularity of organic farming are the low impact on the environment; the ability to
farm without relying on a limited resource, synthetic nitrogen, which has negative environmental
consequences such as nitrate pollution of groundwater and waterways; and the perception that
organic food is more healthful. While economic concerns are important, they are not always the
main reason farmers choose the organic approach.

“Certified organic” is a labeling term that indicates that the food or other agricultural product has
been produced through approved methods that integrate cultural, biological, and mechanical prac-
tices that foster cycling of resources, promote ecological balance, and conserve biodiversity (USDA/
AMS a). In the United States, the National Organic Program (NOP) is the Federal regulatory frame-
work governing organic food and also is the name of the organization within the U.S. Department
of Agriculture (USDA) responsible for administering and enforcing the regulatory framework.

The Organic Foods Production Act of 1990 required that the USDA develop national standards

for organic products. The NOP final rule was published in the Federal Register in December 2000
(Federal Register, 2000).

The Organic Foods Production Act of 1990 “requires the Secretary of Agriculture to establish a
National List of Allowed and Prohibited Substances, which identifies synthetic substances that may
be used and the nonsynthetic substances that cannot be used in organic production and handling
operations.” USDA promulgated regulations establishing the NOP standards and the USDA program
in 2000. Certification is handled by State, nonprofit, and private agencies that have been approved
by USDA. Under the NOP, farmers who wish to use the word “organic” in reference to their business
and products must be certified organic.! In addition to restrictions on which substances may be used
to qualify for organic certification, certain production practices, such as crop rotations and pasture
feeding requirements for ruminant animals, must be followed in order to maintain the organic
certification status.

'Exempting growers selling $5,000 or less a year, who must still comply and submit to a records’ audit if requested,
but do not have to formally apply.
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Background and Objective

U.S. crop acres under USDA certified organic systems have grown rapidly since the NOP was imple-
mented in 2002. Organic crop acres were nearly 2.5 times higher in 2011 than in 2002, as acreage
increased from about 1.3 million to almost 3.1 million acres (USDA/ERS a). While acreage for
some major field crops increased substantially during this period, growth was more modest or had
stalled for others. Among the three major field crops examined in this study—corn, soybeans, and
wheat—certified organic production of corn increased the most, from about 96,000 acres in 2002 to
131,000 acres in 2005, to 234,000 acres in 2011 (fig. 1). Certified organic soybean acreage declined
from a peak of 175,000 acres in 2001 to 100,000 acres in 2007, but rebounded to 132,000 acres

in 2011. Organic wheat acreage was the largest in all years, starting from 225,000 acres in 2002,
increasing to 294,000 acres in 2005 and peaking at more than 400,000 acres in 2008, before falling
to 345,000 acres in 2011.

Much of the increased organic corn production has been to support a rapidly growing organic dairy
sector in which the number of certified organic milk cows increased nearly fourfold from about
67,000 in 2002 to nearly 255,000 in 2011 (USDA/ERS a). Higher prices for conventional corn,
soybeans, and wheat since 2008 and somewhat slower demand growth for organic products due

to the economic recession, along with increasing imports of these crops, may have helped limit
increases in U.S. organic acreage in more recent years (USDA/NASS a).

Organic production is facilitated in the United States through a cost-share program offered by
USDA consisting of the National Organic Certification Cost Share Program (NOCCSP) and the
Agricultural Management Assistance (AMA) Organic Certification Cost Share Program (USDA/

Figure 1
U.S. organic corn, wheat, and soybean acreage, 1995-201 1’
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"Organic crop acreage data were not available for 1996, 1998, 1999, and 2009.
Source: USDA, Economic Research Service.
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AMS b). These programs help to defray the cost of organic certification by authorizing USDA to
allocate funds under the NOCCSP and AMA to eligible State agencies. The State agencies then
reimburse certified organic operators for a portion of the costs the operators incur to obtain or main-
tain organic certification. In 2015, individual operators were eligible for reimbursement of 75 percent
of their certification costs up to a maximum of $750 per category of certification. Total funding

for these programs in 2015 was set at $10.3 million for the NOCCSP and $900,000 for the AMA
(USDA/AMS a).?

Despite the interest and support of organic crop production in the United States, overall adoption of
organic corn, soybeans, and wheat remains low, standing at less than 1 percent of the total acreage of
each crop in 2011 (USDA/NASS b). Low levels of organic adoption among U.S. field crop producers
may be affected by the dearth of information about the relative costs and returns of organic and
conventional production systems on commercial farms in the United States and the performance of
farms that are choosing the organic approach. Several researchers (Delate et al., 2003.; Mahoney et
al., 2001; Hanson et al., 1997; Pimentel et al., 2005; Smith et al., 2004; among others) have exam-
ined organic crop production in a long-term experimental setting, but little has been reported about
the commercial production of organic field crops (McBride and Greene, 2009; Nordquist et al.,
2014). This study utilizes observational data obtained in samples of U.S. field crop producers from
USDA’s Agricultural Resource Management Survey (ARMS) in a comparison of conventional and
organic systems. The main objective is to estimate the difference in costs of production that can be
attributed to producing certified organic crops, using these costs to indicate price premiums that
make organic systems profitable when compared with conventional systems (see “Data” box).

Data from samples of U.S. corn, wheat, and soybean producers, including targeted samples of certi-
fied organic producers of each crop as part of the 2010, 2009, and 2006 ARMS, respectively, support
the research in this study. (In this context, corn refers to field corn, excluding such specialty crops

as sweet corn and popcorn.) This study contrasts the costs of organic and conventional production
using two distinct empirical procedures commonly used in the literature to evaluate relationships in
observational data. Both procedures use a treatment-effect analysis where the treatment is organic
production and its effect is examined on different levels of production costs. First, a matched sample
of organic and conventional producers, based on farm, operator, and production characteristics, was
generated in order to account for selection-bias in measuring the organic treatment-effect on produc-
tion costs. This is referred to as “propensity-score matching.” Second, a “regression with endog-
enous treatment-effects” was conducted to account for observable differences between organic and
conventional crop producers and potential unobservable differences resulting from selection-bias in
the assignment of organic production among producers in the population (see “Appendix: Empirical
Procedure”).

The two treatment-effect measures were compared with the mean difference in the production costs
of organic and conventional producers. This comparison indicates whether the mean difference of
costs is misleading, as would be expected, in a situation where producers self-select the treatment.
Organic transition and certification costs were then added to the estimated differences in costs to
account for these additional costs of certified organic production. The estimated cost differences
were then compared with historic organic price premiums.

2USDA also supports organic agriculture through the Environmental Quality Incentives Program (EQIP) Organic
Initiative, which provides financial assistance to organic producers implementing conservation practices that address a
broad array of resource concerns (USDA/Natural Resources Conservation Service (NRCS)).
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Data

Data used in this study come from USDA’s 2010, 2009, and 2006 Agricultural Resource
Management Survey (ARMS) administered by the National Agricultural Statistics Service
(NASS) and Economic Research Service (ERS). The ARMS data include farm financial infor-
mation, such as farm income, expenses, assets, and debt, as well as farm and operator character-
istics. This study uses ARMS versions that include information about the production practices
and costs of U.S. commodity production—corn in 2010, wheat in 2009, and soybeans in 2006.
Each version targeted producers in States that included over 90 percent of U.S. planted acreage
of the crop in each year.

The 2010 ARMS corn sample consisted of 3,893 farms with 627 samples targeting organic
operations. After accounting for out-of-business operations, survey refusals, and questionnaires
with incomplete data, 1,087 conventional corn farms and 243 organic corn farms from Illinois,
Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, New York, North Dakota,
Ohio, Pennsylvania, South Dakota, and Wisconsin were used in this study. Of the total 2009
ARMS wheat sample of 3,699 farms, 483 samples targeted organic operations. After accounting
for nonresponse and incomplete data, 1,339 conventional wheat farms and 182 organic wheat
farms from Colorado, Idaho, Illinois, Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, Oklahoma, Oregon, South Dakota, Texas, and Washington were used. The 2006
ARMS soybean sample included 4,557 farms, 907 samples targeted organic operations in 15
States. Of these, 2,209 farms were available for analysis, including 238 operations producing
organic soybeans. Characteristics and production costs were compared among conventional and
organic soybean producers in Illinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri,
Nebraska, North Dakota, Ohio, South Dakota, and Wisconsin including 1,425 conventional and
237 organic producers. Farm survey weights on the ARMS data ensure that samples expand
to represent the appropriate crop acreage in the surveyed States, and that organic operations
represent their correct proportion of the target population despite their disproportionate share
of the sample.
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Challenges of Organic Field Crop Production

Organic field crop producers were asked in the ARMS what they considered to be the most diffi-
cult aspect of organic crop production. Categories presented for the choosing by corn and wheat
producers were identical and offer insights into the major issues faced by organic field crop
producers. The question posed to organic soybean producers did not have the detailed categories
presented to the other crop producers and are not directly comparable. More than 40 percent of
organic soybean producers reported that achieving yields was the most difficult aspect of organic
crop production, also rated highly by corn and wheat producers. The second highest category listed
by soybean producers was “other,” reported by almost 38 percent of producers. Because a high
percentage of soybean producers reported “other,” the categories were refined for the subsequent
wheat and corn surveys.

The top three aspects of organic production reported as most difficult by corn and wheat producers,
and the percent of producers reporting each aspect, are shown in figure 2. Controlling weeds was
reported most often, by about 40 percent of both corn and wheat producers. Limited chemical-input
options available to organic crop producers makes weed control more difficult in many instances
relative to conventional production. Achieving desired crop yields was reported by about 17 percent
of organic wheat producers and 12 percent of organic corn producers. Issues associated with
achieving organic yields comparable with conventional yields are related to controlling weeds in
organic fields, but could also be associated with the performance of NOP-approved organic seed
varieties versus conventional seed varieties, and with organic fertilizer options. The soil health of
organically managed acreage, typically measured by soil carbon, has also been emphasized as a

Figure 2
Most difficult aspects of organic corn (2010) and wheat (2009) production
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Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2009 and
2010 Agricultural Resource Management Survey.
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critical factor affecting the yields from organic relative to conventional field crop acreage (Cavigelli
et al., 2013; Coulter et al., 2013).

Organic certification paperwork was reported as the most difficult aspect of organic production by 17
percent of wheat producers, and over a third of corn producers. Certification paperwork may be more
arduous and time-consuming for corn relative to wheat because input use for corn is much greater than
for wheat and plans to meet certified organic requirements may be more complex. Certification paper-
work was not listed as an option for soybean producers and may account for the high percentage of
these producers reporting other as the most difficult aspect of organic soybean production.
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Organic and Conventional Field Crop Prices

Differences in organic and conventional crop production costs provide only part of the information
that determines the profitability of organic production systems. Greater prices received for organic
field crops can offset higher organic production costs.

Average monthly conventional corn prices rose from less than $5 per bushel starting in 2011 to
more than $7 per bushel in 2012 before again falling under $4 per bushel during the second half of
2014 (fig. 3). During 2011-14, organic corn prices followed a similar pattern as conventional corn
prices but with wider fluctuations. The gap between average monthly conventional and organic corn
prices rose steadily from 2011 through 2012 with organic feed and food corn reaching above $16 per
bushel, to reach about $9-$10 higher than conventional corn prices by the end of 2012. Organic corn
prices declined in 2013, but the price differential between organic and conventional corn remained
in the $5 to $7 per bushel range. While conventional corn prices continued to fall in 2014, organic
corn prices increased to around $14 per bushel before falling later in 2014 to around $12. During
2014 the price differential was in the $8-$10 per-bushel range.

As with corn, the price premium for organic wheat generally widened during the 2011 to 2014
period, but the gap between average monthly conventional and organic wheat prices varied greatly
for food- and feed-grade wheat. Between 2011 and 2013, price premiums for organic food wheat
were generally higher than for organic feed wheat by about $2-$6 per bushel, but widened during
2014 as organic food wheat prices rose to about $18 to $20 per bushel (fig. 4). Farm prices received
for organic feed wheat varied significantly during 2011-13, much of the time only $1 to $4 per bushel

Figure 3
Organic food and feed, and conventional corn prices, 2011-14
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Source: Organic prices from USDA, Agricultural Marketing Service; conventional prices from USDA, National
Agricultural Statistics Service.
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Figure 4
Organic food and conventional wheat prices, 2011-14
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Source: Organic prices from USDA, Agricultural Marketing Service; conventional prices from USDA, National
Agricultural Statistics Service.

higher than those for conventional wheat, but also widened in 2014 (fig. 5). Conventional wheat
prices were more stable over this period, generally ranging between $6.00 and $8.50 per bushel.

Conventional soybean prices rose to above $15 per bushel during 2011-14. Prices at this level would
have severely limited organic price premiums had organic soybean prices not also increased sharply
(fig. 6). The gap between average monthly conventional and organic soybean prices rose steadily
from 2011 through 2012 with organic feed and food soybeans reaching about $30 per bushel, nearly
$15 per bushel more than conventional soybean prices. By the end of 2013, organic feed soybean
prices were around $25 per bushel and food soybeans near $30 per bushel, creating price premiums
for organic soybeans in the $11 to $16 per-bushel range. During 2014, conventional soybean prices
fell to around $10 per bushel while organic prices remained in the $25-$30 per-bushel range,
resulting in organic soybean price premiums of $15 to $20 per bushel during 2014.
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Figure 5
Organic feed and conventional wheat prices, 2011-14
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Figure 6
Organic food and feed, and conventional soybean prices, 2011-14
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Organic Cropping Systems Literature

Much of what is known about organic cropping systems stems from multidisciplinary research
conducted with long-term experimental trials that compare the agronomic, economic, and some-
times environmental performance of organic and conventional systems. The identical weather and
soil conditions under which field experiments are conducted provide opportunities not possible with
observational studies, such as replication, precise field measurements, and long-term comparisons. In
these types of studies, descriptive and analytical data are collected on crop yields and management
practices, and the productivity, economic viability, and in some cases the potential environmental
impacts of different farming systems are statistically assessed.

Previous research based on data from long-term experimental trails has shown mixed results when
comparing the returns to organic production with those of conventional production, but the results
have been generally favorable for organic systems. Several studies reported that organic production
generated higher returns (Delate et al., 2003; Delate, 2013; Chavas et al., 2009; Clark, 2009) while
others depended on whether historical organic premiums were to be paid (Mahoney, et al., 2001),
were conditional on either the price premium and cropping system (Smith et al., 2004) or the size of
farm (Delbridge et al., 2013), or depended on transition costs (Hansen et al., 1997). One study based
on observational data from organic farms found significant variability in the production and finan-
cial performance of organic farms, much like that of conventional farms (Nordquist et al., 2014).

Prior studies also report mixed results concerning organic and conventional crop yields. Some of the
experimental research indicates similar yields from conventional and organic systems (Delate et al.,
2003; Delate et al., 2013; Pimentel et al., 2005), and potentially higher organic yields during drought
years (Pimentel et al., 2005). Other studies have shown lower organic yields relative to conventional
systems (Mahoney et al., 2001; Clark, 2009), but these lower yields were offset by lower produc-
tion costs. Most studies have reported lower production costs from organic relative to conventional
systems (Delate et al., 2003; Delate et al., 2013; Pimentel et al., 2005), although the cost analysis of
organic systems has been primarily limited to a comparison of variable costs.

Long-term agricultural experiments have led to an improved understanding of the main biophysical
and economic processes associated with different farming systems, addressing basic research ques-
tions about yields, profitability, and environmental impacts. In most of the situations studied, organic
cropping systems generated returns above costs equal to or greater than those of conventional
systems, sometimes generating much higher returns. Whether these results can be achieved outside
of the experimental setting is uncertain mainly because organic production employs approaches to
nutrient availability, pest control, and soil management that are profoundly different. These experi-
ments also cannot account for the “human factor”—the valuable local knowledge and agricultural
expertise that every farmer acquires through onfarm experience. The human factor plays a crucial
role in organic farming.

Unlike most of the previous research, our study uses observational data where the treatment,
choice of organic production or not, is not randomly assigned as in the experimental setting. Rather
the observations “self-select” their status regarding the treatment. Crop producers themselves
choose to produce certified organic crops rather than organic production being randomly assigned
among producers. When assignment to the treatment is not random, simply comparing the effect
on outcomes of the groups ignores underlying factors that influence both assignment to the treat-
ment and the effect. For example, if crop producers’ education level is correlated with both choice
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of organic certification and crop production costs, then the difference in crop production costs
between the two groups may be due to both the treatment status and education level. Estimating the
treatment-effect without controlling for potential covariate and sample-selection effects can lead to
biased estimates (see “Appendix: Empirical Procedure”).

Further, our study examines the relative profitability of organic and conventional field crop produc-
tion defined as returns above various levels of production costs. Most prior studies define returns
without economic costs for major resources including land, labor, and/or capital. This avoids critical
assumptions about land rents, wage rates, and interest rates on borrowed capital. However, the
usage and costs of these inputs can vary significantly between organic and conventional produc-
tion systems. In this study, estimated returns above total economic costs, including charges for all
resources used in production, are indicators of the relative profitability of organic field crop systems.
This indicator provides information about the motivation for transitioning to organic production.
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Organic and Conventional Field Crop Yields

Organic and conventional crop yields reported in much of the published experimental research
have been similar, but average organic yields in the ARMS data for each crop were signifi-
cantly lower than those of conventional production. Unit production costs were computed as
per-acre costs divided by the yield per acre of each crop. The average yield for organic corn
was 118 bushels per acre in 2010, compared with 161 bushels for conventional corn. Organic
wheat producers had an average yield of 30 bushels per acre in 2009, compared with 44 bushels
for conventional production. Average yields for organic soybean producers in 2006 were also
significantly lower, 31 versus 47 bushels per acre for conventional production. This amounts to
an average yield penalty for organic production on commercial farms of 27 percent for corn, 32
percent for wheat, and 34 percent for soybeans.>

Previous research, based primarily on long-term cropping system data, suggests that significant
returns are possible from organic crop production, often the result of obtaining similar conventional
and organic yields with lower organic production costs. This study finds organic crop yields to be
much lower than those of conventional production. The yield differences estimated from ARMS are
similar to those estimated from the 2011 Organic Production Survey (USDA/NASS, c) relative to
those from the 2011 Crop Production Report (USDA/NASS b). These 2011 data show organic corn
yields to be 41 bushels per acre less than conventional yields, organic wheat yields to be 9 bushels
per acre less than conventional yields, and organic soybean yields to be 12 bushels per acre less than
conventional yields (fig. 7). The organic/conventional yield differences estimated from the ARMS
data are slightly larger at 43, 14, and 16 bushels per acre, respectively, for each crop.*

As previously described, achieving yields was reported in the ARMS as one of the most difficult
aspects of organic production. A reason for the yield differences measured with observational data
may be the unique problems presented from implementing organic systems outside of the experi-
mental setting, such as achieving effective weed control. Also, it is possible that the genetically
modified conventional seed varieties that are commonly used for corn and soybean production are
higher performing than standard organic seed varieties.

3The relationship between organic crop yields and experience with organic production was evaluated but was not
statistically significant.

4Food-grade organic crops are generally lower yielding than feed-grade organic crops. Average organic food-grade
soybean and wheat yields from the ARMS were not statistically different than average organic feed-grade soybean and
wheat yields. Organic food-grade corn yields averaged about 25 bushels per acre less than organic feed-grade corn yields
but food-grade corn comprised only about 10 percent of organic corn acreage. Food- and feed-grade organic acreage and
production were not delineated in the 2011 Organic Production Survey.
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Figure 7
Organic and conventional corn, wheat, and soybean yields, 2011
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Source: USDA, National Agricultural Statistics Service, 2011 Certified Organic Production Survey and Crop Production:
2011 Summary.
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Characteristics and Costs of Organic and Conventional
Crop Farms

This section describes the similarities and differences between organic and conventional field crop
producers using a statistical test of mean differences in farm, operator, and production characteris-
tics for each group. Differences in mean operating, operating plus capital, and total economic costs
per bushel are also statistically tested (see box, “Production Costs”).

Corn

A summary of the 2010 ARMS corn producer data indicates that organic corn production was
conducted on farms with less total acreage than conventional farms, and organic farms also
harvested less corn acreage (table 1). Mean operator characteristics, including age and off-farm
employment, were not statistically different between organic and conventional corn producers, but a
lower percentage of organic producers had completed just high school (no college) than had conven-
tional producers. Among regions, organic producers were more likely to be located in the Lake
States (Michigan, Minnesota, and Wisconsin) and Northeast (New York and Pennsylvania) and less
likely to be located in the Plains States (Kanasa, Nebraska, North Dakota, and South Dakota) than
were conventional producers.

Production Costs

The average treatment-effect (ATE) of organic certification is measured using each technique
(see “Appendix: Empirical Procedure”) on three levels of unit (per bushel) production costs.
Unit production costs are divided into operating costs, operating plus capital costs, and total
economic costs. Operating costs include costs for seed; fertilizer; chemicals; custom operations;
fuel, lubrication, and electricity; repairs; purchased irrigation water; hired labor; and operating
interest. Capital costs include the annualized cost of maintaining the capital (economic depre-
ciation and interest) used in production, estimated using the capital recovery approach, and
costs for non-real estate property taxes and insurance. Total economic costs are the sum of
operating and capital costs, plus opportunity costs for land and unpaid labor, and allocated costs
for general farm overhead items. Costs of organic and conventional production are computed
according to procedures used by USDA (USDA/ERS, 2012b).

Total operating costs is an indicator of the relative success of operations in terms of their ability
to meet short-term financial obligations. The sum of operating and capital costs provides an
indicator of whether operations can replace capital assets as needed and stay in business over
time. Other costs are primarily opportunity costs of owned resources (land and labor) that
may or may not influence production decisions. Opportunity costs of owned resources may
vary significantly among producers and producers may be willing to accept returns to these
resources different from assumed charges. Lifestyle preferences and costs of switching occupa-
tions, among other factors, affect producers’ perceptions of their opportunity costs.
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Table 1
Mean characteristics and practices of U.S. conventional and organic corn farms, 2010

Type of farm
Item Organic (N=243) Conventional (N=1,087)
Farm characteristics:
Farm acres operated (per farm) 451 794**
Farm operator
Off-farm occupation (percent) 11 18
Age (years) 51 56

Younger than 50 years old (percent) 44 30
Education (percent)

Less than high school 24 8

Completed high school 29 45

Attended college 47 47

Location (percent)
Corn Belt (IL, IN, IA, MO, OH) 40 49
Lake States (MI, MN, WI) 40 24
Northeast States (NY, PA) 14 6*
Plains States (KS, NE, ND, SD) 6 21**
Corn production practices:
Harvested corn acres (per farm) 103 289**
Genetically modified seed (percent) 0 92**
Crop rotation (percent)

Monoculture 0 0
Continuous row crop 17 77**

Idle year 35 10**

Other 48 13**

Field operations (percent)

Moldboard plow 65 9**

No-till planter 5 35™*

Row cultivator 68 5**

Other practices (percent)

Irrigation d 7
Applied commercial fertilizer 51 97>
Applied manure or compost 75 22*

Corn yields, prices, and costs:

Yield (bushels (bu) per acre) 118 161**
Price ($ per bu) 7.15 4.32**
Operating costs ($ per bu) 1.75 1.80
Operating plus capital costs ($ per bu) 2.81 2.37*
Total economic cost ($ per bu) 4.68 3.43**

Note: Asterisks denote a statistically significant difference with the organic mean at the 10-percent (*) and 5-percent (**)
levels.
d = insufficient data for legal disclosure.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2010 Agricultural
Resource Management Survey of corn producers.
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Production practices used on organic corn farms varied significantly from those used on conven-
tional corn farms. Most conventional producers planted corn in rotation with row crops, mainly
soybeans.” Organic producers more often used an idle year and a meadow crop, such as alfalfa,

in rotation with corn.® Organic corn producers used more intensive tillage practices, including
moldboard plows, while conventional producers were more likely to use a no-till corn planter.
Conventional producers relied heavily on various types of genetically modified seed and chemical
weed control. Almost all conventional corn producers applied commercial fertilizers as opposed to
organic producers who, instead, applied manure and/or compost.

Mean operating costs per acre for corn production were significantly less for organic (29 percent)
than for conventional corn farms and operating plus capital costs were 13 percent less, while the
difference in total economic costs per acre was not statistically significant. Conventional corn
growers had significantly higher seed, fertilizer, and chemical costs than organic growers, but lower
costs for fuel, repairs, capital, and labor as organic producers substituted manure and field opera-
tions for fertilizers and chemicals (fig. 8).”8 Paid and unpaid labor costs for organic production were
significantly higher, totaling $71 per acre for organic corn versus $26 per acre for conventional corn.
Total operating costs and operating plus capital costs per acre for organic corn were about $80 and
$50 per acre lower, respectively, than for conventional corn.

Mean operating costs per bushel of corn were not significantly different between organic and
conventional farms. However, operating plus capital costs and total economic costs per bushel were
significantly higher among the organic corn farms (see table 1). Mean operating plus capital costs
were more than 40 cents per bushel higher and mean total economic costs were $1.25 per bushel
higher on organic compared with conventional corn farms. The average price reported as received
for organic corn in 2010 was $7.15 per bushel, compared with a harvest-period price of $4.32 per
bushel for conventional corn. ? Both organic and conventional corn were profitable in 2010, but with
an average organic price premium of $2.83 per bushel, mean returns above all costs were higher for

organic than for conventional corn production.!”

SCrop rotations were identified according to what was planted on the field over a 3-year period.

6Idled cropland refers to land in cover and soil-improvement crops and cropland on which no crops were planted dur-
ing a growing season. Some cropland is idle each year for various physical and economic reasons, such as to promote the
accumulation of soil moisture and to enhance soil fertility and organic matter.

7Organic producers may or may not have used organic seed, depending upon its availability. The regulatory text says,
“Non-organically produced seeds and planting stock that have been treated with a substance included on the National
List of synthetic substances allowed for use in organic crop production may be used to produce an organic crop when an
equivalent organically produced or untreated variety is not commercially available.”

80rganic producers had higher capital costs because they used more field operations, particularly for tillage. As more
capital assets such as tractors are used in production, the greater the capital consumption and the annual capital charge.

90rganic feed-grade corn comprised 90 percent of organic corn sales and received lower prices than food-grade corn.
The average price received for organic feed-grade corn was $6.96 per bushel compared with $7.92 per bushel for organic
food-grade corn. Production cost differences between organic food- and feed-grade corn were not statistically significant.

100rganic prices for corn, wheat, and soybeans were those reported as received by farmers. The harvest-period price
for conventional corn, wheat, and soybeans was that received by growers during the most active harvest month of each
crop. Many conventional crop producers store grain with the expectation that higher prices in future months will more
than cover the additional costs of storage, hauling, and marketing, so many conventional producers may have received a
higher price than the mean harvest-period price reported here. The harvest-period price is used to value crop production
because the additional costs of crop storage and marketing are not included in the accounts.
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Figure 8
Costs per acre of organic and conventional corn production by input, 2010
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Note: Organic input costs are ordered from highest to lowest. Labor includes hired labor and unpaid labor costs.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2010 Agricultural
Resource Management Survey.

Wheat

A summary of the 2009 ARMS data of wheat producers indicates that organic wheat production
was conducted on farms similar in size to conventional producers, but organic farms harvested less
wheat acreage (table 2). Organic wheat producers were younger, with a higher percentage younger
than 50 years old, and a higher proportion of organic producers had attended college. Among wheat
regions, organic farms were less likely to be located in the Southern Plains (Kansas, Oklahoma,
and Texas) region, and were largely in the Northern Plains (Colorado, Montana, Nebraska, North
Dakota, and South Dakota) region.!!

Most conventional producers planted wheat in rotation with row and other small grain crops,
particularly corn and soybeans, in contrast to organic producers, who used a more varied rotation
of other crops. Organic producers more often tilled the soil with a moldboard plow, while conven-
tional producers were more likely to sow wheat with a no-till planter. As with corn, most conven-
tional producers applied commercial fertilizers to wheat, while organic producers applied manure
or compost.

Average operating costs per acre for producing wheat were not significantly different between
conventional and organic producers, but the composition of operating costs was very different (fig.
9). Conventional wheat growers had significantly higher fertilizer and chemical costs than organic

'Winter wheat was the predominate type of wheat produced by both conventional and organic growers, accounting for
69 percent of conventional acreage and 58 percent of organic acreage. Durum wheat was produced on only 5 percent of
conventional and 6 percent of organic wheat acreage, while the remainder, 26 percent of conventional and 36 percent of
organic acreage, was planted with other spring wheat.

17

The Profit Potential of Certified Organic Field Crop Production, ERR-188
Economic Research Service/USDA



Table 2
Mean characteristics and practices of U.S. conventional and organic wheat farms, 2009

Type of farm
Item Organic (N=182) Conventional (N=1,339)
Farm characteristics:
Farm acres operated (per farm) 1,458 1,641
Farm operator
Off-farm occupation (percent) 22 16
Age (years) 55 58
Younger than 50 years old (percent) 33 22
Education (percent)
Less than high school 3 4
Completed high school 24 37"
Attended college 73 60*
Location (percent)
Central States (IL, MI, MN, MO, OH) 27 34
Northern Plains (CO, MT, NE, ND, SD) 42 34
Southern Plains (KS, OK, TX) 12 28**
Northwest (ID, OR, WA) 19 3
Wheat production practices:
Harvested wheat acres (per farm) 258 405**
Purchased seed (percent) 50 55
Crop rotation (percent)
Monoculture 1 3**
Continuous row crop/small grain 40 54*
Idle year 37 36
Other 22 8
Field operations (percent)
Moldboard plow 30 5*
No-till planter 14 36**
Row cultivator 65 3"
Other practices (percent)
Irrigation 21 3
Applied commercial fertilizer 17 84
Applied manure or compost 37 6™
Wheat yields, prices, and costs:
Yield (bushels (bu) per acre) 30 44>
Price ($ per bu) 9.30 B.E1™
Operating costs ($ per bu) 3.10 2.65
Operating plus capital costs ($ per bu) 5.92 4.49**
Total economic cost ($ per bu) 9.1 6.07**

Note: Asterisks denote a statistically significant difference with the organic mean at the 10-percent (*) and 5-percent (**)
levels. d = insufficient data for legal disclosure.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2009 Agricultural
Resource Management Survey of wheat producers.
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Figure 9
Costs per acre of organic and conventional wheat production by input, 2009
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Note: Organic input costs are ordered from highest to lowest. Labor includes hired labor and unpaid labor costs.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2009 Agricultural
Resource Management Survey.

growers, but lower costs for seed, fuel, and repairs as organic producers substituted manure and
field operations for fertilizers and chemicals.!? Total operating costs and operating plus capital
costs per acre for organic wheat were about $20 per acre lower than for conventional wheat,

but were not significantly different because of substantial variation in organic wheat production
costs.!3 Average total economic costs of organic and conventional wheat production differed by
only about $7 per acre.

With lower yields, average operating costs per bushel of organic wheat production were 45 cents higher,
though not statistically different than those of conventional producers. Higher operating plus capital
costs ($1.43 per bushel) and total economic costs ($3.04 per bushel) than for conventional wheat were
statistically significant. The average price reported as received for organic wheat in 2009 was $9.30 per
bushel, compared with a harvest-period price of $5.51 per bushel for conventional wheat, resulting in
an average organic price premium of $3.79 per bushel.!* Mean returns per bushel above all costs were
positive for organic wheat but negative for conventional wheat production in 2009.

12Some organic wheat and soybean producers used seed saved from the previous crop. The cost of this homegrown
seed was determined by the opportunity cost of using this seed, defined by using organic crop prices at the previous crop
harvest to value the amount of seed planted.

13The coefficient of variation (CV) on the estimates of organic wheat operating and operating plus capital costs was 29
and 13 percent, respectively, compared to CVs less than 2 percent for conventional wheat cost estimates.

14Organic food-grade wheat comprised 89 percent of organic wheat sales and received higher prices than feed-grade
wheat. The average price received for organic food-grade wheat was $9.77 per bushel compared with $7.33 per bushel for
organic feed-grade wheat. Production cost differences between organic food- and feed-grade wheat were not statistically
significant.
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Soybeans

A summary of the 2006 ARMS data indicates that organic soybean production was conducted on
smaller operations than conventional production and organic producers harvested fewer soybean
acres (table 3). Despite their smaller size, organic soybean producers were less likely to report off-
farm employment as their major occupation. The average age of organic and conventional producers
was much the same with a similar distribution. Significantly more of the conventional producers
reported just a high school education, while a higher percentage of organic producers had attended
college. Organic producers were more often located in the Lake States and Plains States.

Nearly all conventional producers used genetically modified herbicide-tolerant seed, which is
prohibited in organic production. Most organic producers used clear hilum seed. Clear hilum is

a food-grade soybean most often used for soymilk and tofu production. Most organic producers
planted soybeans in standard rows, while most conventional producers planted soybeans in narrow
rows. This allowed organic producers to use a cultivator for weed control while conventional
producers rarely used a cultivator.!> Conventional producers mostly used a crop rotation comprised
of continuous row crops, whereas organic producers more often rotated soybeans with small grain
and meadow crops (e.g., alfalfa and other hay), and included an idle year in the rotation. Organic
producers more often used intensive tillage practices, including moldboard plows. Conventional
producers were much more likely to use a no-till planter.

Average soybean operating costs per acre were not significantly different among conventional and
organic producers, but their composition was very different (fig. 10). Conventional production
involved much higher chemical costs ($13.97 versus $0.02 per acre), while organic systems substi-
tuted field operations for chemicals and incurred much higher fuel, repairs, and labor costs. Capital
costs were also much higher for organic production due to the greater use of field machinery. Paid
and unpaid labor costs for organic production totaled $54 per acre, compared with $17 for conven-
tional production. Total operating plus capital costs and total economic costs were significantly
higher for organic production, averaging more than $30 and $60 per acre higher, respectively, than
for conventional production.

With lower yields and higher per-acre costs, average operating costs per bushel for organic producers
were $1.37 higher than for conventional producers, mean operating and capital costs were nearly

$3 higher, and mean total economic costs were more than $5 higher (table 3).19 The average price
premium received by organic producers was more than $9 per bushel in 2006, making organic
soybeans profitable on average, while returns to conventional soybean production were negative.

I51n recent years, the growing problem of herbicide-tolerant weeds has caused some conventional corn and soybean
producers to increase the use of mechanical weed control with a row cultivator, among other measures. (For more on this
topic, see Gunsolus, 2013.)

16Costs of food-grade and feed-grade organic soybeans were not significantly different. The average price received for
food-grade soybeans ($15.08 per bushel) was significantly higher than that for feed-grade soybeans ($12.48 per bushel).
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Table 3
Mean characteristics and practices of U.S. conventional and organic soybean farms, 2006

Type of farm
Item Organic (N=237) Conventional (N=1,425)
Farm characteristics:
Farm acres operated (per farm) 478 748*
Farm operator
Off-farm occupation (percent) 16 26™
Age (years) 54 55
Younger than 50 years old (percent) 32 32
Education (percent)
Less than high school 18 5"
Completed high school 24 46**
Attended college 51 24
Location (percent)
Corn Belt (IL, IN, IA, MO, OH) 42 56
Lake States (MI, MN, WI) 51 24**
Plains States (KS, NE, ND, SD) 20 7
Soybean production practices:
Harvested soybean acres (per farm) 117 272**
Genetically modified seed (percent) 0 97**
Crop rotation (percent)
Monoculture 1 4**
Continuous row crop 19 79**
Idle year 40 9**
Other 17 4**
Field operations (percent)
Moldboard plow 36 &
No-till planter 6 50**
Row cultivator 65 3
Other practices (percent)
Irrigation 3 5
Applied commercial fertilizer 7 32**
Applied manure or compost 28 7
Soybean yields, prices, and costs:
Yield (bushels (bu) per acre) 31 47*
Price ($ per bu) 14.64 5.48**
Operating costs ($ per bu) 3.32 1.95™
Operating plus capital costs ($ per bu) 6.24 3.40**
Total economic cost ($ per bu) 10.97 5.87**

Note: Asterisks denote a statistically significant difference with the organic mean at the 10-percent (*) and 5-percent (**)
levels. d = insufficient data for legal disclosure.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2006 Agricultural
Resource Management Survey of soybean producers.
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Figure 10
Costs per acre of organic and conventional soybean production by input, 2006
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Note: Organic input costs are ordered from highest to lowest. Labor includes hired labor and unpaid labor costs.
Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2006 Agricultural
Resource Management Survey.
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Organic and Conventional Production Cost Differences

The primary innovation presented in the empirical section of this study is the development of two
treatment-effect estimators: propensity-score matching and linear regression with endogenous
treatment-effects (see “Appendix: Empirical Procedure”). Both estimators provide measures of the
production cost differences between organic and conventional field crops. The results are compared
with the mean difference shown in the previous section for each crop.

The method of propensity-score matching involved the estimation of a binary choice model to
compute propensity scores, indicating the likelihood of a producer being organic. Propensity-scores
were used to match similar conventional with organic producers of each crop. The dependent vari-
able in the model was treatment status, certified organic or not. The set of independent variables

in the model were farm and operator characteristics and commodity production practices (see
appendix tables 1, 3, and 5), selected based on findings in the review of literature and information
about differences between organic and conventional farms gleaned from the analysis of means. For
example, crop acreage, operator education, and crop rotation variables were used in the models to
determine the propensity-scores. After computing the propensity-score for all observations, each
organic producer was matched with the conventional producer having the most similar propensity-
score.!” Differences in the production costs across the sample of matched organic and conventional
producers determined the treatment-effects.

The model of linear regression estimates with endogenous treatment-effects was specified differ-
ently. The linear regression model was comprised of two equations, a treatment (or participation)
equation and an effect (or outcome) equation estimated simultaneously. The treatment equation
was specified with exogenous variables expected to influence choice of the treatment (certified
organic or not), in contrast to the propensity-score model that was specified to find the best match
of farms based on observable variables.'® For example, exogenous farm and operator variables
were included in the treatment equations while variables endogenous to the treatment, such as
production practice variables, were included in the effect equations (see appendix tables 2, 4,

and 6).'° Parameter estimates from the model equations were used to compute treatment-effects
resulting from the regression approach.

Average treatment-effects on each of the cost-of-production variables from the two estimators for
each crop are shown in table 4. The mean difference in the production costs of organic and conven-
tional producers is shown for comparison. Among corn growers, both treatment-effect models
produced estimates of the impact of organic certification on production costs that were much greater
than the mean difference. Despite using very different approaches, the estimated difference for
operating costs and for operating plus capital costs were similar for each treatment-effect model,

7The matching was done with replacement, meaning that conventional producers could be matched with more than
one organic producer. Based on visual inspection of the propensity-score density, 10 percent of the data were trimmed
from each tail of the distribution for each crop in order to improve the data overlap and common support (Caliendo and
Kopeing, 2008).

18Exogenous variables are those that influence choice of the treatment without being affected by it. For example, opera-

tor age is exogenous to choice of the organic approach, while crop rotation is not because the crop rotation is affected by
whether or not the organic approach was chosen.

19Results of the linear regression with endogenous treatment-effects models for total economic costs are shown for the
sake of brevity. Models for operating costs and operating plus capital costs yielded similar results.
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Table 4
U.S. corn, wheat, and soybean crops: Organic compared with conventional production
costs per bushel using alternative estimators!

Estimator
Propensity-score Regression w/ endog-
Crop/cost item Mean difference matching enous treatment-effects
$ per bushel
Corn
Operating costs -0.05 0.26 0.22**
Operating plus capital costs 0.44** 0.92 0.94**
Total economic costs 1.25"* 1.62** 1.93**
Wheat
Operating costs 0.45 0.37 0.83
Operating plus capital costs 1.43™ 1.82 2.00™
Total economic costs 3.04** 3.38 3.87**
Soybeans
Operating costs 1.37** 0.48 1.05**
Operating plus capital costs 2.84™ 2.26™* 2.78*
Total economic costs 5.10** 5.53** 6.59**

"Mean difference, propensity-score matching, and regression with endogenous treatment-effect estimators.

Note: Estimates show the difference in costs of production between certified organic producers and conventional producers
using each type of estimator. * and ** denote statistical significance at the 10-percent and 5-percent levels, respectively, for
each estimator.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource
Management Survey: 2010 for corn, 2009 for wheat, and 2006 for soybeans.

although those estimated with the propensity-score matching estimator were not statistically signifi-
cant.?’ These estimated treatment-effects differed by less than 5 cents per bushel.

The estimated average treatment-effect on total economic costs for corn was statistically significant
with both estimators, at a value of $1.62 per bushel using the propensity-score estimator and $1.93
per bushel using the regression with endogenous treatment-effect estimator. Both of these estimates
were greater than the mean difference in total economic costs of corn production, suggesting that
not adjusting for the influence of covariates would have contributed to an underestimation of the
treatment-effect. The propensity-score matching model estimates that total economic costs among
organic corn growers are 30 percent higher than that reflected by the mean difference. Total
economic costs are estimated to be 54 percent higher with the regression model.

Average treatment-effects on each of the cost-of-production variables from the two treatment-effect
estimators for wheat are shown in the middle of table 4. None of the differences in wheat operating
costs were statistically significant. Like the findings for corn, both treatment-effect models produced
estimates of the impact of organic certification on operating plus capital and total economic costs

of wheat production that were larger than the mean difference. The estimated average treatment-
effect on total economic costs was statistically significant with the regression with endogenous
treatment-effects estimator, at a value of $3.87 per bushel, more than 25 percent higher than the
mean difference. The propensity-score estimator measured the treatment-effect at $3.38 per bushel,
also greater than the mean difference, but not statistically significant.

20Robust standard errors were estimated for both treatment-effect models. The method derived by Abadie and Imbens
(2014) was used to estimate standard errors for the propensity-score matching estimator.
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The estimated average treatment-effect on each cost-of-production variable for soybeans is shown

in the bottom part of table 4. Nearly all estimates of the difference between organic and conven-
tional soybean production costs were statistically significant. Unlike the estimators for other crops,
the mean difference in operating and operating plus capital costs between organic and conventional
soybean producers was greater than that from either treatment-effect estimator. Both treatment-effect
estimators for total economic costs were greater than the mean difference, again suggesting that the
mean difference underestimates the treatment-effect. The propensity-score matching model esti-
mates that total economic costs among soybean growers are 8 percent higher than the mean differ-
ence. Total economic costs are estimated at nearly 30 percent higher with the regression model.
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Organic Transition and Certification Costs

The estimated cost differences indicate the additional costs incurred by operations producing
organic relative to conventional production, but do not include the costs associated with the transi-
tion to organic production or the costs associated with annual third-party certification fees. Before
an operation is certified to sell organic crops, the cropland must be managed organically for a
minimum of 36 months (USDA/AMS a). This means that operations must undergo 2 years of
organic production costs before selling crops as certified organic at the end of the third year of tran-
sition.?! In order to maintain the organic certification, the producer must pay annual certification
costs, including costs for items such as application fees, renewal fees, assessment of annual produc-
tion or sales, and inspection fees.

Higher costs for 2 years can be considered as an investment necessary to return higher organic
prices over the planning horizon of the organic operation. The investment was determined by the
estimated additional costs incurred by organic operations as indicated by the mean difference and
from each treatment-effect model estimator for 2 years of the 3-year transition period in which
organic price premiums cannot be obtained. The annualized cost of this investment was computed
using the capital recovery approach like the other capital costs. The investment was spread over an
assumed planning horizon for organic production of 20 years.?? The addition of estimated transition
and certification costs to the additional costs of producing organic compared with conventional corn,
wheat, and soybean production using the mean difference and the two treatment-effect estimators
are shown in table 5.2

Annual third-party certification costs were charged at the survey mean for each crop, adding to oper-
ating costs $0.10 per bushel for corn, $0.12 per bushel for wheat, and $0.41 per bushel for soybeans.
Transition costs added between $0.08 and $0.17 per bushel to operating plus capital costs, and $0.23
to $0.35 per bushel to total economic costs among the various estimators for corn production. Total
economic costs were estimated at $1.92 per bushel higher for certified organic corn compared with
conventional corn production using the propensity-score matching estimator, and $2.27 per bushel
higher using the regression with endogenous treatment-effects estimator, both much higher than the
mean difference of $1.50 per bushel.

Transition costs added between $0.25 and $0.45 per bushel to operating plus capital costs, and $0.46
to $0.82 per bushel to total economic costs among the various estimators for wheat production.

Like corn, both treatment-effect estimators indicated much higher additional costs associated with
organic production ($3.90 and $4.46 per bushel) than did the mean difference of $3.53 per bushel.
For soybeans, transition costs added between $0.43 and $0.52 per bushel to operating plus capital
costs, and $0.94 to $1.21 per bushel to total economic costs among the estimators. Total economic
costs for soybeans with each estimator showed the same pattern as with corn and wheat, with

21Delate et al. (2006) point out that for crops such as corn and soybeans, where most of the production is from
transgenic crops, increased interest in nontransgenic food ingredients has created markets where producers may obtain a
price premium for crops produced during organic transition years.

22This assumed planning horizon is arbitrary, but reasonable given the average age of the organic producers of each crop.

23This procedure assumes that the same crop—corn, wheat, or soybeans—was produced on the land during each year
of the transition period. In actuality, a typical organic rotation, including forage crops and/or an idled year, would likely
be included during the transition period. This assumption was necessary because only data on the additional costs of
producing the target crop were known, and may possibly indicate a higher charge during the transition period than if the
costs of rotated crops were reported.
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Table 5
U.S. corn, wheat, and soybean crops: Organic compared with conventional production
costs per bushel, including organic transition and certification costs, by estimator?

Estimator
Propensity-score Regression w/ endog-
Crop/cost item Mean difference matching enous treatment-effects
$ per bushel
Corn
Operating costs 0.05 0.36 0.32
Operating plus capital costs 0.59 1.13 1.15
Total economic costs 1.50 1.92 2.27
Wheat
Operating costs 0.57 0.49 0.95
Operating plus capital costs 1.72 2.16 2.36
Total economic costs 3.53 3.90 4.46
Soybeans
Operating costs 1.78 0.89 1.46
Operating plus capital costs 3.60 2.95 158
Total economic costs 6.13 6.62 7.81

Estimates show the difference in costs of production between certified organic producers and conventional producers us-
ing each type of estimator including the addition of transaction and certification cost estimates. Transition costs are treated
as a capital investment necessary to return the higher organic crop price over the planning horizon of the operation, and
thus are not part of annual operating costs. Certification costs are an annual operating expense charged at the mean esti-
mate of 10 cents per bushel for corn, 12 cents per bushel for wheat, and 41 cents per bushel for soybeans.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource
Management Survey: 2010 for corn, 2009 for wheat, and 2006 for soybeans.

both treatment-effect estimators indicating a greater difference between organic and conventional
soybean costs than the mean difference. Total economic costs were estimated at $6.62 per bushel
higher for certified organic soybean production using the propensity-score matching estimator,
and $7.81 per bushel higher using the regression with endogenous treatment-effects estimator, both
higher than the $6.13-per-bushel increase suggested by the mean difference.

A comparison of the percentage increase in total economic costs of organic production, from each
estimator, relative to the mean total economic costs of conventional production for corn, wheat, and
soybeans is shown in figure 11. On a percentage basis, being organic increases total economic costs
the most for soybeans where organic production costs are more than double conventional produc-
tion costs regardless of estimator. Organic production raises the cost of corn and wheat production
by roughly 50 to 75 percent depending upon the estimator. Also, both treatment-effect estimators
resulted in total economic costs that were higher than the mean difference among all the crops, both
running between about 10 and 30 percent higher than the mean with the largest difference from the
regression with endogenous treatment-effects estimator.
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Figure 11
Increase in total economic costs including transition and certification costs:
Organic versus conventional field crop production by estimator

Percent increase
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Note: Percentage increase in the total economic cost of organic production by estimator relative to the mean total
economic cost of conventional production.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2006, 2009, and 2010
Agricultural Resource Management Survey.
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Returns to Organic Field Crop Production

Comparison of the additional costs associated with organic production with historic price premiums
provides an indication of the returns associated with organic field crop production. Average organic
corn prices were $7.15 per bushel among the producers sampled in 2010, compared with $4.32 per
bushel for conventional producers, a $2.83-per-bushel price premium. This premium is greater than
both treatment-effect estimates of higher corn costs plus organic transition and certification costs
($1.92 and $2.27 per bushel), suggesting an average margin of $0.56 to more than $0.90 per bushel
above total economic costs in 2010 for organic corn production.

Higher conventional corn prices that rose to between $6 and $8 per bushel during 2011-13 would
have reduced this margin had organic corn prices not also increased (see figure 3). The gap
between average organic and conventional corn prices rose steadily from 2011 through 2012 with
organic feed and food corn reaching above $16 per bushel, about $9-$10 higher than conventional
corn prices. Organic corn prices declined in 2013, but the price differential between organic and
conventional corn remained in the $5- to $7-per-bushel range, still much higher than the differen-
tial suggested by the cost analysis. Organic corn prices rebounded in 2014, while conventional corn
prices moved lower, and the organic price premium returned to the $9-$10 per bushel range.

Higher organic wheat production costs compare to an average price premium of $3.79 per bushel
for organic wheat in 2009, indicating tighter margins for organic wheat production than for organic
corn. The 2009 price premium was sufficient to cover the additional operating plus capital costs
associated with organic wheat, but did not cover the higher average total economic costs indicated
by the cost analysis using both treatment-effect estimators ($3.90 and $4.46 per bushel). The gap
between average organic and conventional wheat prices depended on the type of wheat produced.
Between 2011 and 2013, price premiums for organic food wheat were generally higher than for
organic feed wheat by about $2-$6 per bushel, and grew even wider in 2014 (see figures 4 and 5).
Price premiums for organic food wheat were generally above the estimated total economic cost
differential between organic and conventional wheat production. Farm prices received for organic
feed wheat varied significantly during 2011-14, but much of the time were only $1-$4 per bushel
higher than those for conventional wheat. This price differential was often below the additional
economic costs of organic wheat production.

The additional costs for organic soybean production compares to an average price premium of $9.16
per bushel for organic soybeans in 2006. This suggests that organic soybean producers, on average,
earned returns above operating plus capital costs in the range of about $5.60 to $6.20 per bushel,
and returns above total economic costs ranging from about $1.35 to $2.50 per bushel in 2006, based
on the treatment-effect estimators. Conventional soybean prices rose to above $15 per bushel during
2011-13. Prices at this level would have greatly reduced any organic price premium had organic
soybean prices not also increased (see figure 6).

The gap between average organic and conventional soybean prices rose steadily from 2011 through
2012. Organic food and feed soybean prices both reached about $30 per bushel, nearly $15 per
bushel more than conventional soybean prices. By the end of 2013, organic feed soybean prices
were around $25 per bushel and food soybeans near $30 per bushel, creating price premiums high
enough in both cases to easily cover the estimated additional costs of organic soybean production.
Conventional soybean prices declined in 2014, while organic prices were mostly stable, resulting in
even higher price premiums to organic soybean production in 2014.
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The yield, price, and cost differences estimated in this study were used to compute the per-acre
returns to organic versus conventional production for the survey year of each crop. Average
additional costs of about $83-$98 per acre for corn, $55-$62 per acre for wheat, and $106-$125 for
soybeans would be incurred from organic production (table 6). These cost estimates are based on
the yield and cost differences estimated from the survey and include an annualized share of organic
transition costs plus annual organic certification costs. Estimates of the difference in net returns per
acre for organic versus conventional production are positive for corn ($66 and $51 per acre) and
soybeans ($41 and $22), but negative for wheat (-$2 and -$9 per acre) using estimates from each of
the treatment-effect estimators.

Table 6
U.S. corn, wheat, and soybean crops: Organic compared with conventional economic costs
and returns, by estimator?

Estimator
Propensity-score Regression w/ endog-
Crop/cost item Mean difference matching enous treatment-effects
$ per acre
Corn
Gross value of production 148.18 148.18 148.18
Total economic costs 64.50 82.56 97.61
Net value of production 83.68 65.62 50.57
Wheat
Gross value of production 53.06 53.06 53.06
Total economic costs 49.42 54.60 62.44
Net value of production 3.64 -1.54 -9.38
Soybeans
Gross value of production 146.56 146.56 146.56
Total economic costs 98.08 105.92 124.96
Net value of production 48.48 40.64 21.60

Estimates show the difference in costs (including organic transaction and certification cost estimates) and returns of crop
production between certified organic producers and conventional producers using each type of estimator. The difference in
gross value of production was computed using the difference in mean yield and prices received for each crop. The differ-
ence in total economic costs is that estimated with each estimator times the difference in mean yield per acre for each crop.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, Agricultural Resource
Management Survey: 2010 for corn, 2009 for wheat, and 2006 for soybeans.
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Conclusions

This study takes advantage of unique and detailed data collected in economic surveys of U.S. corn,
wheat, and soybean producers. The data were unique because a targeted survey of organic producers
sampled at a much higher rate than their occurrence in the population was included along with

data from conventional producers. This allowed for an observational analysis of cost-of-production
differences between conventional and organic crop production systems. These differences provide
information about price premiums needed to make organic systems competitive with conventional
systems, and about the additional costs incurred by producers transitioning to organic production.

Comparison of the treatment-effect estimators with mean differences suggests that estimates of the
cost difference between organic and conventional production based on the mean likely understate
actual cost differences. Higher average economic cost differences between organic and conventional
corn, wheat, and soybean producers were estimated using two different treatment-effect models
than those revealed from a comparison of means. Differences in observable covariates specified in
the treatment-effect models account for some of the difference. The difference in costs may also be
partly due to sample selection-bias (see “Appendix: Empirical Procedure”), addressed in the treat-
ment-effect models.>*

The main reason that organic returns were higher than conventional returns in the analysis of

the ARMS data was not higher organic yields or lower per-acre production costs, but rather the
price premiums paid for organic crops. Average organic corn and soybean prices were more than
enough among the sampled producers to cover the higher total economic costs of organic produc-
tion, including an annual prorated share of transition costs and annual certification costs. Organic
food wheat prices were also sufficient to cover the higher costs of organic wheat production, while
organic feed wheat prices were high enough to cover the additional operating plus capital costs, but
not high enough to cover the additional total economic costs.

Price premiums received for organic crops were generally above the estimated additional costs

of organic production for most crops during much of 2011-14. Estimates of the difference in net
returns per acre for organic versus conventional production showed positive economic profit for corn
and soybeans, consistent with expanded, or stable, organic acreage of each crop in recent years.
Estimates of economic loss per acre, on average, for organic versus conventional wheat, mainly feed
wheat, are consistent with the decline in organic wheat acreage shown in figure 1.

An implication of these results is that conventional farms may be able to earn greater returns

above economic costs if transitioned to organic production. Despite potentially higher returns from
organic production, the adoption of the organic approach among U.S. field crop producers remains
extremely low. One possible reason there is not more organic production is the ease of producing

for the conventional market. Seed and chemicals are readily available from local seed and chemical
company dealers, and from markets at the local elevator. Organic farmers, in contrast, have to secure
organic seed; learn to manage soil fertility, weeds, and other pests through natural methods; and

24possible source of selection-bias are the differences between organic and conventional producers in unobserved vari-
ables, such as the level of management and input quality. Users of organic systems may exhibit a higher level of manage-
ment, which would be correlated with both the treatment and effect. Also, selection-bias could result if organic crops are
planted on higher quality land than conventional crops. These unobserved variables could result in mean organic costs
appearing to be lower than they would otherwise, and more similar to mean conventional costs. The treatment-effect
models address this issue.
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find their own markets, which may require storage on the farm until pickup. Thus organic farming
requires more onfarm management.

The low level of U.S. organic-crop adoption may also be due to variations in climatic and market
conditions. Organic production is more attractive where crop pests are fewer, such as in northern
States. Also, a market for the more expensive organic food or feed crops is needed, such as the
demand for organic feed ingredients, both grain and silage, from the significant organic dairy
industry that has developed in States in the upper Midwest and Northeast.?> Kuminoff and Wossink
(2010) point out that sunk organic production costs associated with transition, which cannot be
recovered if organic prices drop substantially, coupled with uncertainty about future returns, may
help explain why there is so little organic acreage for major field crops in the United States.

Results of this study need to be considered in light of the limitations of the data and methods
used. Only 1 year of production cost data were available for each crop. The production of organic
crops, in contrast to conventional crops, is often part of a multiyear rotation of crop enterprises
and idled land. Also, farm practice data were analyzed from a nonrandomized setting. Despite
efforts to deal with these limitations using the treatment-effect models, the results may still be
affected by residual confounding in which factors influence choice of the treatment and the effect
in question. This potential confounding bias limits the causal inference and renders this primarily
a study of association.

Further research could improve upon this study by evaluating onfarm organic production in a
multiyear systems setting. Organic field crop producers may rotate with less profitable enterprises
lowering overall cropping system returns, or the synergism associated with the management of
multiple crop enterprises may result in greater returns than indicated by this single-year, single-
enterprise analysis. A more thorough study of the economic returns to organic systems would
account for the inherent multiyear nature of organic cropping systems.

25The organic corn average price premium estimated from the 2010 ARMS was $2.71 per bushel in the Lake States
(Upper Midwest) and $2.12 per bushel in the Northeast, compared with $3.08 per bushel in other States. However, the
average total costs of organic production were much lower in the Lake States and the Northeast, resulting in net returns
that were very similar among the regions.
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Appendix: Empirical Procedure

An objective of this study is to estimate the average treatment-effect (ATE) of organic certification
on crop production costs. Estimation of the treatment-effect under nonexperimental settings, using
observational data, is popular in social science research where experimental settings are not usually
possible. A number of studies have provided the theoretical background (Heckman et al., 1998;
Imbens, 2004; Imbens and Wooldridge, 2009; Morgan and Harding, 20006; Nichols, 2007; Becker
and Caliendo, 2007; Becker and Ichino, 2002; Nannicini, 2001; Rosenbaum and Rubin, 1983) for the
empirical approach used in this study. Empirical applications of these procedures have appeared in
the agricultural economics literature (Liu and Lynch, 2007; Mayen et al., 2010; Taur, 2009; Uematsu
and Mishra, 2012; Pufahl and Weiss, 2009).

Ideally, the estimate of the ATE would simply be the difference of two outcomes for the same unit;
when the unit is assigned to the treatment and when it is not (Imbens and Wooldridge, 2009). In this
study, for example, the ATE is considered the difference between crop production costs on certified
organic acreage and on conventional acreage. The ATE on the outcome variable in the population of
interest can be expressed as:

(1) ATE=E(Y;-Y,)

where Y, is the outcome variable (production costs) with treatment (organic certification) and Y,
is the outcome variable without treatment. If each individual Y}, and ¥, could be observed among
a large representative population, ATE could be estimated by the average value of Y/, - Y, for the
sample of N observations using:

1 N
(2) ATE:ﬁg,(Yu—%i)

However, with observational data only Y;; or ¥, can be observed because assignment to the treat-
ment is mutually exclusive. Thus, estimating the ATE of organic production on costs is like esti-
mating the counterfactual or imputing missing data. That is, for the treated, it is necessary to
estimate the effect of the treatment had the observation not been treated, and for the untreated, to
estimate the effect had the observation been treated.

The issue about the evaluation of treatment-effects has triggered a body of research about various
estimation techniques. One alternative to deal with potential bias in the estimate of the ATE is to
match observations in both the treatment and control groups based on observable characteristics.
The propensity-score method uses the predicted probability of being in the treatment group esti-
mated from a binary-choice (logit or probit) model (Rosenbaum and Rubin, 1983). An important
feature of the propensity-score model (PSM) is that it summarizes information from multiple vari-
ables that may influence choice of the treatment into a single-index variable (Becker and Ichino,
2002). The predicted probability, or propensity-score, of each observation being treated is used

to match each treated observation with an untreated observation with a similar propensity-score.
Propensity-scores are used to reduce selection-bias by equating groups based on observed covariates.
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The propensity-score is defined as the conditional probability of treatment given the observed back-
ground variables:

(3) p(x) & Pr(T=1| X=x)

The treatment is (conditionally) unconfounded with the outcome if potential outcomes are indepen-
dent of the treatment conditional on the observed variables X. This can be written as:

(4) Y(0).X(1) L (T]X)
where L denotes statistical independence. If unconfoundedness holds, then:
(5) Y(0).Y(1) L (7| px))

The unconfoundness assumption of the matching estimator implies that any remaining difference in
the outcome variable after matching can be solely attributed to the treatment status (Imbens, 2009)
and that assignment to the treatment can be considered purely random among matched observa-
tions (Becker and Ichino, 2002).26 This is not a testable assumption, therefore, matching estimators
cannot be said to completely eliminate selection-bias due to unobservable factors correlated with
both assignment to the treatment and the effect. However, the propensity-score plays an important
role in balancing the groups to make them comparable. Rosenbaum and Rubin (1983) showed that
treated and untreated subjects with the same propensity-score have identical distributions for other
baseline variables. This “balancing property” means that by controlling for the propensity-score
when comparing groups, the observational study has been effectively converted into a randomized
block experiment where “blocks” are groups of subjects with the same propensities. Assignment of
the untreated to the treated is said to be random for observations with the same propensity-score (see
Becker and Ichino (2002) for more detail).2’

Another estimation technique that addresses the potential for self-selection bias uses a parametric
model assuming a joint normal distribution between the errors of a selection equation (choice of the
treatment) and effect equations. This technique corrects for self-selection bias, due to the correlation
of unobserved variables with both choice of the treatment and the effect, allowing for an unbiased
estimate of the impact that choice of the treatment has on the effect. In this study, differences in
management and input quality are largely unobservable but may be correlated with both the choice
of organic crop production and the level of production costs.

26This assumption is termed in various ways, such as “ignorability” (Wooldridge, 2010, p. 908), “selection on observa-
tions” (Fitzgerald et al., 1998), and “unconfoundedness” (Imbens, 2004; Rosenbaum and Rubin, 1983; Wooldridge, 2010,
p. 908).

27t has been argued that matching models are special cases of selection models which assume that conditioning on
observable variables eliminates self-selection bias (Heckman and Navarro-Lozano, 2004; Mayen et al., 2010). That is,
matching models create the conditions of an experiment in which the treatment variable is randomly assigned. However,
the matching model does not directly account for correlation among unobservable variables that could bias the treatment-
effect. Imbens (2004) suggests that the assumption about the distribution of unobserved variables being similar for
treated and untreated agents is ultimately an empirical question.
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In the model with endogenous treatment-effects, the decision to choose the treatment can be
expressed with a latent variable indicating the net benefit from choosing the treatment so that:

(6) Ti*=ZiY+”i

where T, = 1 if Ti* > (0. Z;is a vector of observable variables expected to affect the choice of the
treatment, such as operator, farm, and regional characteristics. The impact of the treatment on the
outcome variable can be expressed by:

(7) Y=XPB+Td+¢

Where X; is a matrix of observable variables expected to impact the outcome variable, such as crop
production practices, and farm and operator characteristics, among others.

Equation (7) cannot be estimated directly because the decision to choose the treatment may be
determined by unobservable variables that may also be correlated with the effect. If this is the case,
the error terms in equations (6) and (7) will be correlated, resulting in a biased estimate of 8. This
selection-bias can be accounted for by assuming a joint normal error distribution with the following
form:

(8) u "N oj|1 p
3 0||lp o
and by recognizing that the expected effect of choosing the treatment is given by:

E(YIT,=1)=XB+8+po A,

(9)

where A, is the inverse Mills ratio. To derive an unbiased estimate of 6, the two-stage approach
begins with a binary model estimation of equation (6). In the second stage, estimates of y are used
to compute the inverse Mills ratio, which is included as an additional term in a least-squares estima-
tion of equation (7). This two-stage Heckman procedure is consistent, albeit not efficient. Efficient
maximum likelihood parameter estimates can be obtained by maximizing:

L(v.B.0.p) =TT [£(Ay:7.B.0.p)dydA

Az —eo—oo

(10) IS T £(497.B.0.p) dvan’

Azl 0—c0

where f(A.7:v.B.p) is the joint normal density function, which is a function of the parameters. In
practice, the negative of the log of the likelihood function is minimized using the estimates from the
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Heckman procedure as starting values. Once estimated, the difference in costs between the treated
and untreated groups, the ATE, is determined by (Greene, 2000, pg. 934):

) E(¥IT =0)= %
(11) E(Y)T,=1) E(K'Ti—o)—5+pcs{¢i(1—¢i)}

where ¢ is the standard normal density function and ® is the standard normal cumulative distribu-
tion function evaluated using the selection equation estimates.

This study measures the treatment-effect of certified organic production on costs of producing corn,
wheat, and soybeans using these two very different techniques common in the literature to deal with
selection-bias. Matching samples using the propensity-score was developed by statisticians as a way
of adjusting the sample so that it more closely resembles the results of a randomized experiment
(Rosenbaum and Rubin, 1983). In contrast, the approach developed by economists (Heckman) is a
way of adjusting the model for potential selection-bias by treating it as a problem of missing vari-
ables without adjusting the sample. Treatment-effects are estimated in this study using the Stata soft-
ware. The “psmatch2” procedure is used to estimate the ATE with the propensity-score matching
technique, to assess the common support and matching quality, and to conduct sensitivity analysis.
The “etregress” procedure is used to correct for self-selection bias using the technique of linear
regression with endogenous treatment-effects. Results of the two treatment-effect estimators are
compared with the mean difference in the outcome variable for treated and untreated groups.

Empirical estimates of the two treatment-effect models are shown for corn in appendix tables 1 and
2, for wheat in appendix tables 3 and 4, and soybeans in appendix tables 5 and 6. These estimates
are used to compute the treatment-effects for the propensity-score matched sample (appendix tables
1, 3, and 5) and the model of linear regression with endogenous treatment-effects (appendix tables 2,
4, and 6) for each crop. For brevity, only the models of linear regression with endogenous treatment
effects for total economic costs are shown.
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Appendix table 1
U.S. corn production: Binomial probit estimates to compute propensity scores for the
matching analysis of treatment-effects

Variable description Coefficient Standard error
Constant 0.4422** 0.2190
Size (100 corn acres harvested) -0.1322** 0.0311
Size squared 0.0019** 0.0008
Age class (younger than 50 years old) 0.0538 0.1226
Education class (attended college) 0.5104** 0.1246
Primary occupation is off-farm -0.3505** 0.1708
Location in Lake States?® 0.1851 0.1398
Location in Northeast States? 0.1573 0.2242
Location in Plains States? -0.3548* 0.1998
Continuous row crop rotation -0.3196* 0.1443
Idle year in crop rotation 0.3269** 0.1599
Moldboard plow used 0.6412** 0.1558
No-till planter used -1.1297** 0.2304
Irrigation -0.3713 0.4339
Applied commercial fertilizer -1.8534** 0.1400
Applied manure or compost 0.2859** 0.1284
Pseudo R? 0.54

Likelihood ratio 2 685

@Deleted location is Corn Belt.
Note: Dependent variable in the probit equation is whether the farm produced organic corn (0,1). * and ** denote statistical
significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2010 Agricultural
Resource Management Survey of corn producers.
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Appendix table 2
U.S. corn production: Linear regression estimates with endogenous treatment-effects

Variable description Coefficient Standard error
Treatment (organic)

Constant -0.3134* 0.0987
Size (100 corn acres harvested) -0.2120** 0.0248
Size squared 0.0033** 0.0005
Age class (less than 50 years) 0.1721* 0.0927
Education class (attended college) 0.2642** 0.0902
Primary occupation is off-farm -0.4662** 0.1281
Location in Lake States?® -0.3346* 0.1009
Location in Northeast States? 0.1185 0.1759
Location in Plains States?® -0.8451* 0.1367
Effect (total economic costs)

Constant 4.4115* 0.6104
Size (100 corn acres harvested) -0.0788* 0.0449
Size squared 0.0013 0.0012
Location in Lake States? 0.4787 0.3080
Location in Northeast States? 0.8153 0.5718
Location in Plains States?® 0.3351 0.3809
Continuous row crop rotation -0.7646** 0.2805
Idle year in crop rotation -0.1605 0.3938
Moldboard plow used -0.1438 0.4175
No-till planter used -0.1952 0.2678
Irrigation 0.3044 0.5323
Applied commercial fertilizer 0.0827 0.4410
Applied manure or compost 0.1421 0.2857
Organic 1.9178* 0.7912
Sigma 4.1709** 0.0809
Rho 0.0011 0.948
Log likelihood -4,324

@Deleted location is Corn Belt.
Note: Dependent variable in the probit equation is whether the farm produced organic corn (0,1). * and ** denote statistical
significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2010 Agricultural
Resource Management Survey of corn producers.
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Appendix table 3
U.S. wheat production: Binomial probit estimates to compute propensity-scores for the
matching analysis of treatment-effects

Variable description Coefficient Standard error
Constant 0.2619 0.2027
Size (100 wheat acres harvested) -0.0790** 0.0001
Size squared 0.0004** 0.0001
Age class (younger than 50 years old) 0.3076™* 0.1330
Education class (attended college) 0.2941** 0.1303
Primary occupation is off-farm -0.3168 0.2383
Location in Central States? 0.2308 0.1692
Location in Southern Plains States? -0.4317* 0.2134
Location in Northwest States? -0.4259* 0.2541
Continuous row crop/small grain rotation -0.2878 0.1767
Idle year in crop rotation -0.3232* 0.1743
Moldboard plow used 0.6940™* 0.2164
No-till planter used -0.6636** 0.1633
Irrigation -0.4144 0.2804
Applied commercial fertilizer -1.7940** 0.1329
Applied manure or compost 0.8703** 0.1723
Pseudo R? 0.52

Wald x2 574

@Deleted location is Northern Plains.
Note: Dependent variable in the probit equation is whether the farm produced organic wheat (0,1). * and ** denote statisti-
cal significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2009 Agricultural
Resource Management Survey of wheat producers.
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Appendix table 4
U.S. wheat production: Linear regression estimates with endogenous treatment-effects

Variable description Coefficient Standard error

Treatment (organic)

Constant -0.4932* 0.1161
Size (100 wheat acres harvested) -0.0986** 0.0115
Size squared 0.0005** 0.0001
Age class (less than 50 years) 0.2101** 0.1011
Education class (attended college) 0.0891 0.0975
Primary occupation is off-farm -0.1681 0.1729
Location in Central States?® -0.2118* 0.1139
Location in Southern Plains States? -0.4765** 0.1635
Location in Northwest States? -0.8162** 0.1737
Effect (total economic costs)

Constant 7.9634** 0.6192
Size (100 wheat acres harvested) -0.0222 0.0224
Size squared 0.0001 0.0002
Location in Central States? -0.7324 0.4628
Location in Southern Plains States? 2.9966™* 0.5309
Location in Northwest States? 1.1475** 0.4531
Continuous row crop/small grains rotation -0.9350** 0.4588
Idle year in crop rotation -0.0676 0.4487
Moldboard plow used -0.0338 0.7068
No-till planter used -0.3863 0.3434
Irrigation -0.7153 0.6189
Applied commercial fertilizer 0.0656 0.4508
Applied manure or compost 0.0187 0.6625
Organic 3.9005** 0.9638
Sigma 5.8787* 0.1066
Rho -0.0028 0.0732
Log likelihood -5,315

@Deleted location is Northern Plains.
Note: Dependent variable in the probit equation is whether the farm produced organic wheat (0,1). * and ** denote statisti-
cal significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2009 Agricultural
Resource Management Survey of wheat producers.
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Appendix table 5
U.S. soybean production: Binomial probit estimates to compute propensity-scores for the
matching analysis of treatment-effects

Variable description Coefficient Standard error
Constant 0.7994** 0.1768
Size (100 soybean acres harvested) -0.2412* 0.0321
Size squared 0.0038** 0.0007
Age class (younger than 50 years old) -0.2920 0.1232
Education class (attended college) 0.1310 0.1163
Primary occupation is off-farm -0.2243 0.1527
Location in Lake States?® 0.2454* 0.1358
Location in Plains States? -0.6365** 0.1702
Continuous row crop rotation -1.6258* 0.1409
Idle year in crop rotation -0.1805 0.1600
Moldboard plow used 0.9094** 0.1654
No-till planter used -1.2505* 0.1526
Irrigation 0.5730" 0.3055
Applied commercial fertilizer -1.1949* 0.1663
Applied manure or compost 0.6481** 0.1666
Applied manure or compost 0.8703** 0.1723
Pseudo R? 0.55

Wald 2 740

aDeleted location is Corn Belt.
Note: Dependent variable in the probit equation is whether the farm produced organic soybeans (0,1). * and ** denote
statistical significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2006 Agricultural
Resource Management Survey of soybean producers.
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Appendix table 6
U.S. soybean production: Linear regression estimates with endogenous treatment-effects

Variable description Coefficient Standard error

Treatment (organic)

Constant -0.1469 0.1038
Size (100 soybean acres harvested) -0.3340** 0.0290
Size squared 0.0051** 0.0006
Age class (less than 50 years) 0.0145 0.0942
Education class (attended college) 0.2631** 0.0901
Primary occupation is off-farm -0.2354** 0.1158
Location in Lake States?® -0.2090** 0.0986
Location in Plains States?® -0.5621** 0.1279
Effect (total production costs)

Constant 8.3588™* 0.4905
Size (100 soybean acres harvested) -0.0886** 0.0450
Size squared 0.0011 0.0014
Location in Lake States?@ -0.3689 0.3133
Location in Plains States?® 0.9594** 0.3698
Continuous row crop rotation -1.9207** 0.3587
Idle year in crop rotation -1.5488* 0.4540
Moldboard plow used 1.2219** 0.5239
No-till planter used 0.0730 0.2627
Irrigation 0.1311 0.5267
Applied commercial fertilizer 0.4007 0.2710
Applied manure or compost -1.0151* 0.4584
Organic 6.9226™* 0.6586
Sigma 4.9150** 0.0855
Rho -0.0364 0.0586
Log likelihood -5,508

aDeleted location is Corn Belt.
Note: Dependent variable in the logit equation is whether the farm produced organic soybeans (0,1). * and ** denote statis-
tical significance at the 10-percent and 5-percent levels, respectively.

Source: USDA, Economic Research Service and USDA, National Agricultural Statistics Service, 2006 Agricultural
Resource Management Survey of soybean producers.
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